We make a comparative analysis of the different methods used for the measurement of fieldof-study mismatch. A first part of the paper reviews the literature, detailing and discussing the different approaches (worker assessments, job analysis, realized matches). In the second part, based on a data-set allowing us to use various measures, we investigate whether these different approaches result in differences with respect to the incidence and the determinants of field-of-study mismatch. Since substantial differences do indeed exist, even among variants of similar approaches, we conclude that empirical results with respect to field-of-study mismatch should be interpreted with great caution. While making several recommendations concerning the measurement of field-of-study mismatch, we also make a plea for more focused research on the validity and reliability of field-of-study mismatch measures in order to develop a more generally-accepted and uniform measure.
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I N T R O D U C T I O N
The past decades witnessed a rapid expansion of tertiary education. However, this expansion of tertiary education was not evenly spread over all fields of study. In 2011, one of the most popular fields of study among tertiary education students in Europe was Social sciences, Business and Law (OECD, 2012) . The second largest group of students opted for Humanities, Arts and Education. Fields of study such as Sciences and Engineering, Manufacturing and Construction were less popular among students. Qualifying the general trend in this way is important, because studies have shown that labour market outcomes differ amongst fields of study. Indeed, monetary returns as well as unemployment rates diverge substantially amongst fields of study with returns being higher for fields of study such as Health, Engineering, Business and Science relative to Arts and Humanities (Finnie & Frenette, 2003; McGuinness, 2003; Walker & Zhu, 2003; Arcidiacono, 2004; O'Leary & Sloane, 2005) .
The labour market success of graduates may not only be assessed in terms of realized wages and overall employment chances, but also in terms of being employed in jobs that match with one's education. This educational match may be assessed both in a vertical way (i.e. whether one is not overeducated or undereducated for the job) and in a horizontal way (i.e. whether the content of the job fits with the specialization of the degree).
The latter dimension is particularly relevant when focusing on the labour market chances of graduates from different fields of study. Robst (2007a) , Wolbers (2003) and Verhaest, Sellami and van der Velden (2015) found that Humanities and Arts graduates are relatively more likely to have a mismatch between their field of study and the content of their job. A number of studies showed that this match with respect to the field of study matters for earnings and job satisfaction, with those combining field-of-study mismatch with overeducation facing the most adverse effects (Robst, 2007a; Béduwé & Giret, 2011; Støren & Arnesen, 2011) . If so, lower monetary and psychological rewards for particular degrees are thus (partly) explained through a higher likelihood on both types of educational mismatches.
In this study, we focus on the horizontal dimension of educational mismatch. The international literature on fieldof-study mismatch is rapidly growing and, with it, our understanding of the phenomenon. However, as in the case of overeducation, field-of-study mismatch has been measured relying on alternative methods. While subjective self-assessment methods have been the dominant approach till now, more objective job analysis or statistical approaches relying on realized matches have been used as well. Given the likely importance of field-of-study mismatch in accounting for differences in other labour market outcomes, the question arises which methods used to measure this kind of mismatch are most appropriate and if and to what extent the methods do affect the reported incidence as well as its determinants. With respect to overeducation, several literature reviews have been conducted providing useful insights into the advantages and disadvantages of each of the methods (Groot & Maassen van den Brink, 2000a; Hartog, 2000; Sloane, 2003; McGuinness, 2006; Leuven & Oosterbeek, 2011) . 3 Further, single-dataset studies have shown that different methods do indeed result in differences in the incidence and determinants of overeducation (Cohn & Khan, 1995; van der Velden & van Smoorenburg, 1999; Battu et al., 2000; Groot & Maassen van den Brink, 2000b; Verhaest & Omey, 2006 Ramos, 2014) . However, whether this is also the case regarding field-of-study mismatch remains an unexploited area.
We aim at filling two research gaps. First, we conduct a detailed review of the literature on field-of-study mismatch, focusing on the way the different contributions operationalize and measure the concept. Second, using a rich dataset on young Flemish graduates which allows us to apply the main approaches to measure field-of-study mismatch found in the literature, we examine the extent to which the analysis of the incidence and determinants of field-ofstudy mismatch is influenced by the applied measurement method. We measure field-of-study mismatch based on four different approaches: (1) direct worker self-assessment, (2) indirect worker self-assessment, (3) job analysis and (4) realized matches. As far as we know, none of the studies on field-of-study mismatch have used the indirect self-assessment measurement method.
The remainder of the paper is structured as follows. Before we provide an overview of studies that have measured field-of-study mismatch, we will start with a conceptual and terminological clarification concerning field-of-study mismatch in the next section. Thereafter, in our literature review, we will explain in detail how field-of-study mismatch has been measured by several authors and discuss the advantages and weaknesses of each approach.
Next, we present our own empirical analysis in which we compare different measures relying on the same dataset.
Finally, we discuss in detail the research implications of our review and analysis.
C O N C E P T U A L C L A R I F I C A T I O N S
There is a substantial research literature that focuses on educational mismatch. This type of mismatch refers to an imperfect match between graduates' educational attainment and the educational requirements of jobs. The bulk of this literature has focused on the vertical dimension, especially on overeducation. Individuals are usually defined to be overeducated if they work in a job in which their educational level exceeds the level required for doing the job well (McGuinness, 2006) . Nonetheless, several studies have also focused on the mechanisms and the effects of mismatch in terms of field of study. Initially, the topic attracted the attention of sociologists, such as Solga and Konietzka (1999) , Witte and Kalleberg (1995) or Wolbers (2003) . More recently, the topic has also gained increasing attention by economists, with in particular the study by Robst (2007a) being influential. In line with the definition of overeducation, these studies usually conceptualize field-of-study mismatch as a mismatch between the attained field of study of the individual and the field of study required for doing the job well. While we adhere to the term field-of-study mismatch throughout this paper, several other terminologies have been used in the literature for what basically comes down to the same concept. For example, Støren and Arnesen (2011) and 4 Béduwé and Giret (2011) refer to horizontal (educational) mismatch. Others call this mismatch in terms of type of schooling (Robst, 2007a (Robst, , 2007b , education-job mismatch (Bourdarbat & Chernoff, 2012) or field of educationoccupation match (Nordin, Persson & Rooth, 2010) .
Our definition of field-of-study mismatch requires two major clarifications. First of all, the term field of study needs to be defined. We consider a field of study to group educational programs focusing on the acquisition of a particular cluster of knowledge and skills to apply this knowledge, whatever their complexity, their applied learning methods and their relative focus on knowledge as opposed to skills. Fields of study thus usually group programs across educational levels and across different levels of quality. Moreover, we do not differentiate depending on whether the program is rather academically oriented (and thus rather focused on knowledge) or rather vocationally oriented (and thus rather focused on skills). Nonetheless, they may differ with respect to the broadness of the programs.
For instance, programs in engineering may be more interdisciplinary in focus that programs in chemistry. Of course, from an operational point of view, fields of study can be more narrowly or more broadly defined depending on the degree of aggregation of the different programs.
Second, the term required field of study needs also to be defined. The required field may be interpreted as the field delivering the cluster of knowledge and skills that is necessary to execute the job. Yet, it is unlikely to be efficient to produce all the required knowledge and skills by means of formal education; some required skills may simply be more efficiently acquired through other types of skill acquisition such as on-the-job training. Hence, since an optimal balance may exist between different types of knowledge and skill acquisition activities, we define the required field of study for a job as the one delivering the most optimal preparation for the job. A program is not (only) optimal because it may be the most efficient way to acquire some of the skills required for the job, but (even more so) because it facilitates further on-the-job learning for required skills that are less easily acquired through more formal learning.
By defining the required education as the optimal education to acquire the skills needed for doing the job, we clearly differentiate from hiring and entry requirements. For many reasons, entry and hiring requirements may differ from the requirements needed for being optimally prepared for the job. Such divergence may, amongst others, result from labour market imbalances, when employers set less strict hiring requirements in response to an insufficient supply of graduates with the optimal field of study. But the opposite may also exist, with hiring or entry requirements being more strict than the requirements for being optimally prepared for the occupation. This may, for instance, occur in the case of so-called licensed occupations, when individuals need, by law or regulation, a certificate of a particular program or education to enter into these occupations. Although the main argument in favor of these regulations is to guarantee a sufficient quality of the product or service, bureaucratic inertia or protectionist forces may cause these entry regulations to be too strict from the perspective of what is needed for doing the job appropriately (Kleiner, 2000) .
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Given that the required education is defined as the education delivering the optimal preparation for one's job, educational mismatches should not necessarily coincide with skill mismatches either. The latter can be defined as working in a job where the required skills of the job do not match the acquired skills (Allen & van der Velden, 2001 ). Workers may thus be overskilled or underskilled for their job, meaning that individuals have more or less skills than the overall skill level required for their job. A match in terms of formal education is not a necessary nor a sufficient condition for skill utilization. For instance, a graduate having the optimal field of study for a job may nevertheless be underskilled at the start if it is optimal to acquire part of the required skills through further informal learning. Despite this conceptual distinction between educational and skill mismatches, both are often used as equivalent terms. Of course, relying on educational mismatch measures as proxies for skill mismatches is often a matter of pragmatism: direct data on attained and required skills are often not available to the researchers.
However, even individuals with similar qualifications and reported experiences may be very heterogeneous in skills.
For example, a highly educated individual working in a less-demanding job may not underutilize his skills because of low innate talents and abilities or because of having experienced skills depreciation. A small body of literature has started to deal with both types of mismatches as being different concepts, in particular by focusing on the relation between skill mismatches and vertical educational mismatch (see Allen & van der Velden, 2001; Green & McIntosh, 2007; Mavromaras, McGuinness, O'Leary, Sloane & Wei, 2013) . These studies confirm that overeducation does not necessarily imply overskilling (and vice versa) and that both types of mismatches may have a distinct effect on wages and/or job satisfaction.
To measure educational mismatches, three different methods have regularly been used in the literature: worker self-assessments, job analysis and realized matches. These measurement methods were originally developed in the overeducation literature (see, e.g., Hartog, 2000) . The worker self-assessment method (WA) is based on the individuals opinion, whereby individuals assess whether their education matches the required education of their job. This may be done directly (DWA), for instance by asking individuals whether they feel overeducated or not, or indirectly (IWA), for instance by asking them which educational level is needed to get or to perform their job. Job analysis (JA) is a more objective approach which is based on the evaluation by job analysts, who define the required education for jobs relying on occupational classification methods. The realized matches method (RM) derives the required educational level from the actual distribution of educational levels within occupations. For instance, to measure the required level of education relying on this method, the mean or the modal educational level within an occupation has been used. In the context of over-and undereducation, each of these methods have extensively been reviewed and discussed in the literature. For field-of-study mismatch, similar methods have been used but an extensive review and analysis of these different methods is not present. In the next section, we will provide an extensive review of the literature focusing on this issue.
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L I T E R A T U R E R E V I E W
The methods used in the international literature to measure field-of-study mismatch are similar to those being used for overeducation. A pioneering study on field-of-study mismatch is the one by Witte and Kalleberg (1995) . They used a direct worker-assessment approach to measure this type of mismatch. They asked individuals whether they have been trained for their occupation. If they answered affirmatively, they were assumed to have a fit between their education and their job. Since then, most of the studies have followed a similar approach. Nonetheless, a number of researchers have also relied on a job analysis approach. A first application of this method was implemented by Wolbers (2003) , who relied on the ISCO occupational classification. For each occupation (on the basis of the three-digit code), he defined the most appropriate field of study. Finally, the application of the realized matches approach in the field-of-study literature is rather rare. Recently, Nieto, Matano and Ramos (2015) used this method by measuring the required field of study by the modal field of study of workers within each occupation.
A general overview of the studies on field-of-study mismatch, their measurement approach and the resulting incidences of field-of-study mismatch can be found in Table 1 . In short, we note that there are substantial differences in the incidence of the field-of-study mismatch across the different studies and across the three measurement approaches. Overall, the incidence of measured field-of-study mismatch ranges from 5 to 59 percent.
Among studies using the WA approach (20 out of 28 reported studies), the pioneering study of Witte and Kalleberg (1995) seems to be an outlier with an incidence that lies between 39% and 51%. For other studies relying on WA, we note incidences between 5% and 35%. The average incidence based on this method across all studies is 20.9%.
In the case of JA (7 studies), we find substantially higher incidences between 17% and 59%, with an average of 35.1%. The only study based on RM finds an incidence of about 40%.
These results are somewhat different from those found in literature reviews on the incidence of overeducation. Groot and Maassen van den Brink (2000a) for instance concluded that the RM method delivers on average a lower estimate of the incidence of overeducation. Regarding the other methods, they didn't find evidence for systematic differences. Of course, while the applied method may be one explanation for the differences across studies in the incidence of field-of-study mismatch, also differences in sample composition across the cited studies are likely to play a role. In some studies, researchers focused only on the higher educated individuals; in other studies all workers were the research subject. Further, also within each broad category of measures, there are substantial differences in the specific way the measure used is operationalized. In the remainder of this section, we discuss in more detail how these different measurement approaches are applied in practice and discuss the strengths and weaknesses of each of these methods and their variants. 
Zhu (2014)
Graduates from tertiary education China DWA Respondents were asked about their current job status. They could answer with (1) 'I am now employed, and the job is related to my major' or (2) I am now employed, but the job is unrelated to my major'. The first two categories were defined as match, the other category as mismatch
28.2%
The worker self-assessment approach (WA)
As illustrated by Table 1 , most of the studies focusing on field-of-study mismatch use the so-called worker selfassessment method. The worker self-assessment method produces a measure of mismatch based on the view of the job holder about the appropriate educational requirement for his or her job. In other words, the individual worker assesses whether he or she has the appropriate field of study to perform the job and, in this sense, it is frequently referred to as the subjective measure. In theory, the worker self-assessment measure can be constructed either directly or indirectly. In the case of the direct method (DWA), individuals are asked to what extent their field of study is related with their job. Also a more indirect method (IWA) may be possible, by asking individuals about the field of study that was required to get or to perform their job. The comparison of the attained with the required field of study is then made by the researcher. In the overeducation literature, the IWA approach is much more prominent than the DWA approach (Groot & Maassen van den Brink, 2000a) . However, as far as we know, none of the published studies on field-of-study mismatch have used the IWA method yet. Witte and Kalleberg (1995) were among the first to use the WA method within the context of field-of-study mismatch. They asked individuals whether they have been trained for their occupation with as possible answers:
'yes', 'no', 'currently in education' or 'have not been trained for an occupation'. If individuals answered 'yes', they were assumed to have a fit between their education and their job. If not, they were assumed to be mismatched.
On the basis of this approach, Witte and Kalleberg found that 61% of the women were employed in a job for which they had been trained whereas only 49% of the men were found to have a match. However, we have to bear in mind that the operationalization of Witte and Kalleberg might also capture overeducation. The reason is that individuals could interpret 'having been trained for the occupation' as having both the appropriate educational level and the appropriate field of study. This may (partly) explain why the incidence in their study is substantially higher than in other studies relying on WA.
Whereas Witte and Kalleberg distinguished only between two broad categories, other studies allowed for the possibility of a third category. One of the studies that used this kind of categorization is the study of Robst (2007a) .
Using data on US college graduates, he relied on a survey question regarding the extent to which their work was related with the field of their highest degree. Respondents could answer that their work was 'closely related', 'somewhat related' or 'not related' to their highest degree field. Robst (2007a) did not assign those who are in the middle category to either match or mismatch, but defined a third category of so-called 'partial mismatch'. A more recent study by Boudarbat and Chernoff (2012) provided the respondents with the same answer categories as Robst (2007a) . Alternatively, a number of studies rather rely on a Likert scale. Also on the basis of this approach, a decision has to be made about the classification of the middle categories. In the study of Klein (2010) , for instance, individuals were asked whether they are adequately employed according to their field of study. They could answer this question with a five point scale, from yes definitely (1) to definitely not (5). The last three categories where defined as a field-of-study mismatch.
It is clear that the decision to classify the middle category as match or mismatch will affect the measured incidence of mismatch. However, this decision is more than just a decision about where one wants to put the cutoff point.
Depending on the theoretical definition that is applied regarding the required field of study, a different decision may be made. In our framework, the required field of study is defined as the most optimal field of study. For some occupations, a more general field of study may be more optimal than a rather specific one. Hence, even those who answer that their field of study is somewhat related to their job (cf. Robst, 2007a) may have the most appropriate field of study according to our definition. One could, therefore, argue that it is appropriate to group those with a 'somewhat related field' and those with a 'closely related field' together instead of keeping them as a separate category or merging them with the 'not related' category. An additional argument for classifying them as having a match is the positive connotation that is associated with the wording 'somewhat related field'. In the empirical analysis of this paper, we will investigate how the decision to do so may affect the results.
While most of the aforementioned studies ask the respondents whether their work is related with their field of study (e.g. Robst, 2007a) , many other studies reverse the question and rather ask respondents whether their field considered to have a field-of-study mismatch both if they reported that neither their own field of study nor a related field of study would have been the best preparation. Hence, also those stating that 'no particular field was required' or that 'no specific field (yet) exists' were assumed to have a field-of-study mismatch. Only Little and Arthur (2010) analyzed this category as a separate category.
Regarding the 'no particular field of study was required' answer, several arguments can be put forward in favor of considering this as indicating a field-of-study mismatch. First of all, individuals providing this answer may be employed in jobs requiring rather specific skills within a domain for which none of the programs offered by the educational system prepares. If the organization of such a program would be cost-effective, these individuals may be considered having a mismatch 7 . Second, at the other extreme, these individuals may be rather employed in either low-skilled jobs requiring only some basic skills without specialization or in high-skilled jobs requiring mostly general skills or a broad range of specific skills and knowledge across different disciplines, such as for managers.
In the latter case, an educational program focusing purely on general skills or on a broad range of specific skills may offer a more efficient pathway than a more specific and disciplinary-focused program. If so, also these individuals should be defined as having a mismatch. However, the most efficient pathway for occupations such as managers may just as well be any more specific program followed by more intensive on-the-job learning. In this case, the specific program may to a large extent serve as a signal for ability. Such a situation should not be considered to be problematic and, hence, may not be considered as a mismatch in terms of field of study. In our own empirical analysis, we will therefore test to what extent the decision to classify those answering that 'no particular field of study was required' either in the mismatch or match category affects the results.
Finally, there are some studies who asked the individuals about their field-of-study mismatch status using another wording than 'highest degree field'. For example Grayson (2004) used 'undergraduate education'. Also Di Pietro and Urwin (2006) used another articulation. They asked the respondents whether 'any university degree was a formal requirement for the job' or whether rather 'a university degree in a specific subject or subject area' was a requirement. They assumed that individuals have a horizontal mismatch if any university degree was a formal requirement for the graduate's current job. They found a very small incidence of field-of-study mismatch (4.6%).
A possible explanation for this low incidence is that the authors, based on the data, were only able to identify part of those having a horizontal mismatch.
The Job analysis approach (JA)
Another set of contributions relied on the so-called job analysis approach. In this method, job analysts define the required education for jobs relying on occupational classification methods. While the JA approach is rather common in the overeducation literature, this approach has been used less frequently for the measurement of fieldof-study mismatch (cf. Table 1) .
Two of the studies that applied the job analysis method to measure field-of-study mismatch relied on the International Standard Classification of Occupations (ISCO). Solga and Konietzka (1999) , who were amongst the first using the JA measure to measure field-of-study mismatch, used field-of-study mismatch rather as proxy for field specific skill mismatch, which they define as 'the fit between the skills obtained and certified via vocational credential and the occupation exercised in the first job'. They investigated this mismatch for German workers and relied for this on 3-digit ISCO 1968 codes. They defined an individual as having a mismatch if the ISCO-code for one's 'occupational' education and one's first occupation were different. They found an incidence of mismatch between 23% and 27%. Also Wolbers (2003) used the ISCO classification to investigate field-of-study mismatch among school leavers from 13 European countries. He relied on the 3-digit code and used the classification of 1988. All fields of study were distributed into eight major field of study clusters, which were matched with a number of occupations on the basis of the author's assumed correspondence of the skills acquired through the field of study and those needed in the occupation. Each of the abovementioned studies distinguished between two categories only: match and mismatch (see Solga & Konietzka, 1999; Wolbers, 2003; Katz-Gerro & Yaish, 2010; Béduwé & Giret, 2011) . Only Nordin et al. (2010) distinguished three categories: match, weakly matched and mismatch. Evidently, this strict definition of the mismatch category causes the incidence of mismatch to be lower than when a broader categorization is used. While the average mismatch incidence relying on JA across studies equals 35.1%, Nordin et al. (2010) found average incidences of 23% and 17% for men and women respectively. The incidences of 'weak matches' were 18% and 8% respectively. Regarding the decision to consider the middle category either as match or mismatch or to keep it as a separate category, similar arguments can be put forward as in the case of the WA approach.
But also among studies not distinguishing a third category, there is substantial variation in the measured incidence of mismatch ranging from 23% to 59%. The differences in measured incidences may be due to country-specific factors (for instance differences in economic conditions or educational systems) or differences in the composition of the sample, but also to differences in the classification underlying their JA measure. Classifications may differ in the description of job functions or in the extent to which occupations and jobs are aggregated. One last reason for this variation might be the extent to which their computation relies on the clustering of programs into more narrowly or more broadly defined fields of study as well as the specific way the programs are clustered together into the number of considered clusters. Evidently, higher levels of aggregation should deliver lower incidences of mismatch 8 . Although the impact of the level of aggregation of educational programs also applies to the measurement of over-and undereducation (Verhaest & Omey, 2006) , it is rarely discussed in the literature.
The realized matches approach (RM)
The realized matches method is the third approach on which the measurement of field-of-study mismatch may be based. To determine the required educational level or field of study, this approach uses the actual distribution of educational levels or fields of study within the different occupations. In the overeducation literature, its usage is not uncommon. The required level of education is often measured using the mean educational level within one's occupation (Verdugo & Verdugo, 1998) . Other authors prefer to use the modal (Kiker, Santos & De Oliveira, 1997) or median (Verhaest & Omey, 2010 ) level of education.
As far as we know, the realized matches method has been used only once to measure field-of-study mismatch. Nieto et al. (2015) relied on this method to explore the differences in vertical and horizontal mismatch of natives and immigrants in Europe. They used the Adult Educational survey and assumed that someone has a field-ofstudy mismatch if his or her field of study differs from the modal field of study within one's occupation. They noted an incidence of field-of-study mismatch of about 40%.
Evaluation of the different measurement approaches
The literature on overeducation has already intensively discussed the advantages and disadvantages of each of the aforementioned measurement approaches. However, while many of these plusses and drawbacks also apply to the measurement of field-of-study mismatch, they do not necessarily matter to the same extent. But the opposite is also true, with some drawbacks being more problematic for the measurement of field-of-study mismatch than for the measurement of overeducation.
A first major evaluation criterion is the extent to which each approach truly covers the concept we are actually trying to measure and not any other related concept. In the overeducation literature, it is usually claimed that the job analysis approach closely aligns with the concept of overeducation (see, e.g., Hartog, 2000) . The same can be claimed with respect to the measurement of field-of-study mismatch, at least as far as fields of study are assigned to occupations on the basis of the extent to which they sufficiently prepare for these occupations and not, for instance, on actual recruitment behavior. The extent to which also measures based on worker assessments align with the concept of field-of-study mismatch crucially depends on the specific wording of the survey question. The aforementioned question in the REFLEX survey, which refers to the field of study that is most appropriate for the job, seems more appropriate than questions not explicitly referring to the field of study or questions referring to the field required to get the job. 9 The RM approach is most prone to criticism not being able to cover the concept of field-of-study mismatch. This approach may be suitable when mismatches only result from search and matching frictions (Borghans & de Grip, 2000) . In this context, the modal field of study within an occupation is likely to be appropriate for the job. However, this should not be the case when mismatches also result from imbalances between the demand for and the supply of fields of study. In this context, the modal field of study may shift to a field of study that is inappropriate for the job but popular among graduates.
The incidence of field-of-study mismatch will thus be systematically biased in case an indicator actually measures another concept than field-of-study mismatch. But also many other problems may cause the incidence of mismatch to be systematically biased. In the case of the JA approach, the underlying classification system has to be updated from time to time to account for technological and organizational changes. It is often claimed that this causes the incidence of overeducation to be overestimated since many jobs have become more complex. While findings in the literature review are consistent with a similar overestimation in the case of field-of-study mismatch, the problem should not necessarily be as severe in this case. After all, one may expect the content of the programs within the educational system to be adapted to the changing labour market needs. Moreover, this may cause the incidence of field-of-study mismatch among older workers actually to be underestimated since their former education may no longer offer the optimal preparation for their job. A problem in the case of the WA approach may be social desirability bias (Hartog, 2000) . The problem is evident with respect to the measurement of overeducation, since higher required levels of education may be associated with higher levels of prestige. Overall, this will cause the incidence of overeducation to be underestimated. However, also in this case, such a systematic negative bias may be less evident in the case of field-of-study mismatch. After all, being employed within an occupation matching with one's field of study should not necessarily be more prestigious than being employed in another occupation.
Finally, also in the case of the RM approach, other sources of systematic bias may exist. One problem, which is specific to the measurement of field-of-study mismatch, is that it is based on the presumption that for each job there is just one program or field of study that provides the optimal preparation. As discussed earlier, this should not be the case for every occupation. If so, this will cause the estimated incidence of field-of-study mismatch on the basis of RM to be upwardly biased. The relatively high incidence that was found in the aforementioned study by Nieto et al. (2015) is indeed consistent with this argument, although more research is needed to determine whether this is a systematic finding.
Some errors in the measurement of the educational requirements may not be systematic in one or another direction and may rather have a zero mean. The extent to which each approach is able to avoid these types of errors is another evaluation criterion. In the overeducation literature, it is usually claimed that this problem is more severe in the case of JA and RM measures (e.g. Halaby, 1994) . After all, the classification of jobs into occupational classifications is not straightforward. At least, this requires detailed information concerning the tasks that workers execute, information that is often not collected in surveys 10 . A related problem is the heterogeneity in tasks among jobs classified within the same occupational code (see, e.g., Tijdens, De Ruijter & De Ruijter, 2014 , for evidence on this). Hence the importance of relying on classifications that go sufficiently enough into detail in terms of the types of tasks that have to be executed, at least in the case of JA. In the case of RM, however, this may not always solve the problem given the need to have a sufficient number of observations within each occupational code to derive the modal field of study. Evidently, these problems do not apply to WA methods. After all, no one knows the content of the job better than the one who performs it. Nonetheless, for other reasons, also WA measures are prone to random measurement error. Respondents with similar jobs may interpret survey questions in a different way (Hartog, 2000) . For instance, while it might be clear to the researcher what is meant with the 'appropriate' field of study, this is not necessarily true for the respondent. A related problem, but only in the case of the direct WA method, is that also the concept of 'field of study' may be interpreted in different ways. While some respondents may consider any other than their own program not belonging to their own field of study, others may rely on a more aggregate categorization. Hence the importance of being as clear as possible in the case of relying on WA and eventually providing some additional instructions to the respondent about how the question should be interpreted.
The extent to which these non-systematic errors in the educational requirements are problematic partly depends on the type of analysis that is conducted. While it should not affect conclusions concerning those categories of workers that face the highest incidence of mismatch, it may cause the overall incidence of mismatch to be overestimated. This will in particular be the case when mismatch is a rather exceptional state, resulting in relatively more workers being wrongly classified as having a mismatch than the other way around. Further, it may cause the overall persistence of match and mismatch over time for individuals to be underestimated. Finally, it will also cause estimates on the effects of mismatch on variables such as wages and job satisfaction to be biased. In general, these estimates will be biased towards zero. However, when the error term happens to be correlated with the outcome variable, it may just as well cause the effect to be overestimated. This may in particular be the case for the WA approach. Respondents may not only try to be consistent in their answers to survey questions, their answers may also be influenced by their mood state (Podsakoff et al., 2003) . Being in a negative mood may thus cause individuals to answer both being dissatisfied with their job and having a job with a bad match, although one may expect this problem to be less prominent in case the question concerning mismatch is posed in a neutral wording.
N E W E V I D E N C E
In this section, we further add to this discussion by conducting our own empirical analysis. For this, we rely on a dataset that allows to measure field-of-study mismatch on the basis of each of the three major measurement approaches. Moreover, apart from relying on the DWA method, as is usually done in the literature, we also introduce an IWA method for the measurement of field-of-study mismatch. We look at the extent to which these different measures are correlated and result in different outcomes with respect to the incidence of field-of-study mismatch. We also investigate several issues that were raised in the discussion above, such as the impact of decisions concerning the assignment of the middle category or the 'no particular field required category' and the role of using different levels of aggregation with respect to the fields of study clusters. Finally, we also look at whether different approaches result in different conclusions concerning the relationship between field-of-study mismatch and overeducation and concerning the individual characteristics that predict field-of-study mismatch.
Data and measurement
For our comparative analysis, we use the SONAR data regarding the transition from school to work in Flanders.
This dataset contains data on three cohorts of about 3000 Flemish young individuals, which were born in the years 1976, 1978 and 1980 respectively. Each cohort was interviewed at the age of 23. Follow-up surveys were conducted at age 26 for the cohort 1976 and 1978. For the cohort 1976 and 1980, data are also available at the age of 29. The response rates for these follow-up surveys ranged from 60% to 70%. A unique feature of these data is that they allow to measure field-of-study mismatch based on each of the three major approaches. Moreover, in the case of the worker self-assessment approach, they allow to construct both a direct and an indirect measure.
In our study we focus on individuals with a first registered job, which is defined as the first job with a standard labour contract in which the graduates worked for at least one month. This first job is observed in our dataset for 8247 individuals. Like most of the literature on field-of-study mismatch, we focus on higher educated individuals, i.e. those with a college or university degree. In total, 3483 individuals are higher educated and have a first registered job that was observed at the time of the last survey in which the individual participated. After further exclusion of those who are self-employed and respondents with missing values, we keep a final sample of 3317 individuals.
The SONAR surveys include two questions in which the respondents are asked about their field of study (mis)match status. The first question allows to derive a DWA measure and is formulated as follows: "Was the content of your first job in line with your education?". Respondents could choose among: (1) completely, (2) somewhat in line (3) not at all in line. In our benchmark analysis, we define the first two answers as horizontal match and the other category as mismatch. In the results section, we will also discuss whether the results differ if we use another categorization. This question is closely related to the one used in the seminal study by Robst (2007a) . Our measure may be criticized on the grounds that it does not explicitly refers to the field of study. Yet, both the fact that it does refer to the content of the job (instead of the level of the job) and the fact that the question was preceded by a direct question concerning over-and undereducation should make clear that the focus of the question is not on the vertical fit between education and work.
The second worker-assessment measure is an indirect measure (IWA). Respondents were asked about the educational level and the field of study that was required to get the job. First, the respondents got the question whether any educational qualification was required. They could answer the question with 'yes' or 'no'. If the respondents answered this question affirmative, they got the following question: 'Which fields of study were required by the employer?' If needed, respondents were able to report more than one detailed field of study that was required for the job. In total, more than 400 different fields of study were reported. We clustered these fields of study in two different ways, using (A) detailed clusters of fields of study and (B) broad clusters of fields of study, respectively. For categorization A, we clustered both the reported required fields and the graduate's attained field into 177 detailed categories. For categorization B, we clustered the fields of study in 11 broader categories 11 . In the case of correspondence between the attained category and at least one of the required categories, graduates were assumed to have a match on the basis of the IWA measure. Apart from those reporting one or more required fields, a substantial group did not report any particular required field. These individuals are classified in a separate mismatch group called 'no particular field of study was required'. In our analysis, we will rely both on categorization A and B. Regarding the 'no particular field of study was required' category, we report analyses in which this category is defined as a mismatch as well as in which it is considered as a match. Note that the usage of the term worker assessment may be criticized since the question actually refers to the formal requirements set by the employer.
Therefore, labeling this alternatively as 'Employer-assessment' approach may be defensible. Nonetheless, given that the information concerning the requirements was given by the worker, we follow the literature and keep the 'indirect worker-assessment' label.
To determine mismatch based on job analysis, we rely on the 1992 Standard Occupation Classification of Statistics
Netherlands. 12 This classification defines for each job the specific tasks and the corresponding requirements in terms of educational level and field of study. Since the classification was originally developed for The Netherlands, we translated this to the Flemish educational context. Based on additional information provided by Statistics Netherlands (CBS, 2001 ) and information about the required learning outcomes of the various study programs in Flanders, we examined which fields of study match the competencies required for every occupational discipline.
The CBS classification distinguishes 65 occupational disciplines at the 3-digit level. Regarding the field of study of the program attained by the graduate, we consider 177 detailed clusters (cf. IWA measure). Each field of study was matched with one or more professional disciplines. We differentiate between professional disciplines that are to a large extent related to the field of study and those who are to some extent related to the field of study. 13 In the benchmark analysis, individuals whose field of study was at least to some extent related with the professional discipline are defined as having a horizontal match. Individuals with a completely different field of study are defined as having a horizontal mismatch. Additionally, we also report results relying on other categorizations. 11 We distinguished the following fields of study: (1) General fields of study, (2) Economics, Business and Law, (3) Natural Sciences, Applied Natural Sciences and Technique, (4) Arts, (5) Biological and Applied Biological Sciences, (6) Health and Welfare, (7) Architecture, (8) Education (9) Social Sciences, (10) Philosophy, Literature and Applied Linguistics, and (11) Fields of study preparing for occupations in the Armed Forces. Given our focus on tertiary education graduates, the first or the last category is not included in our analysis. 12 Along with an open format question on the job title, the SONAR data contained open format questions concerning the tasks that were executed and the activities of the firm, and closed-format questions on the number of individuals one was supervising and the firms size. Further, the interviews were conducted face-to-face allowing to the interviewers to urge the interviewees to be as detailed as possible in their answers to the open-format questions. 13 The conversion table is available upon request.
Finally, to compute horizontal mismatch based on realized matches, we use the modal procedure. To keep enough observations in each occupation, we rely on the 3-digit occupational code (cf. supra). Individuals are assumed to have a field-of-study mismatch if their field of study differs from the modal field of study within each occupation.
Regarding the categorization of fields of study, we distinguish again between two different levels of aggregation (A) the 177 detailed clusters of fields of study and (B) 11 broad clusters. In the results section we investigate whether the different levels of aggregation influence the outcomes of field-of-study mismatch.
The incidence of field-of-study mismatch
In Table 2 we report the incidence of field-of-study mismatch based on the four approaches. For the IWA, JA and RM measures, we distinguish between two levels of aggregation for the fields of study (A versus B, with A being based on a more detailed clustering). For the DWA and JA measures, we initially distinguish three categories: (1) Match, (2) Rather match, and (3) Mismatch. For IWA, we initially consider the third category 'no particular field of study was required' as separate category. The incidence of measured horizontal mismatch largely depends on the used measurement approach, and ranges between about 15% for JA (B) and DWA and 40% for RM (A). Regarding DWA, this is below the average of 20.9% but between the minimum (5%) and maximum (35%) that is found in other studies relying on this method (cf. Table 1 ). For JA (B), this is in line with the results of Nordin et al. (2010) , who found an incidence of mismatch about 17% by also distinguishing a separate category for 'weak matches'. Nonetheless, it is much lower than the average in the literature based on this measure (35.1%). While the incidence of mismatch is relatively similar for the JA (B) and DWA method, we find some differences in the distribution across the 'Match' and 'Rather match'
categories. Based on JA (B) three quarters of the individuals are found to have a complete match, while only 60% of the individuals are found to have a complete match relying on DWA. The highest incidence of mismatch is found for RM (A) (38.1%). This incidence is near to the one reported in Nieto et al. (2015) , who found an incidence of about 40%, although they focused on the whole working population and not on a sample of graduates. This finding is consistent with our earlier claim that RM measures overestimate the incidence of field-of-study mismatch by assuming that every occupation has just one program or field. Finally, relying on IWA, about 25% to 35% of the individuals have a field-of-study mismatch at the start of the career. However, it should be noted that also more than 21% of the individuals report that for their job no particular field was required. This latter percentage is substantially higher than what is usually found for this category in the literature when relying on DWA. It thus seems that, even when one or some fields of study are more appropriate than others, many employers do not set specific hiring requirements. They may do so for several reasons, for instance because they have vacancies that are difficult to fill or because they aim at attracting also individuals that compensate their lack of appropriate formal qualifications with appropriate work experience.
Along with substantial differences across the four approaches, the incidence of horizontal mismatch also differs within each approach depending on the level of aggregation regarding the fields of study. As expected, we find a higher incidence of field-of-study mismatch if we rely on a more detailed clustering (category A). This difference is relatively similar across the different measures and amounts to about 8 to 10 percentage points.
As mentioned in the literature section, most studies distinguish only between two categories: field-of-study match versus field-of-study mismatch. Individuals with a somewhat related job are usually defined as having a match, but some authors also define these individuals as having a mismatch. Further, individuals in a job where no particular field of study was required are usually defined as having a mismatch. It is clear that the decision regarding the way the different categories are matched will affect the results. To compare our results with other studies, we also report results by distinguishing only two categories. First, we consider individuals with a job that is somewhat in line with their field of study (DWA and JA) to have a match; individuals that reported that no field of study was required (IWA) are defined as having a mismatch. Results are shown in Table 3 . Using this dichotomous categorization, the incidence of field-of-study match is now by far the lowest relying on IWA. Less than half of the sample (44.1%) is now assessed to have a match if we use the more detailed clustering for the fields of study.
On the other hand, relying on DWA, this dichotomization delivers an incidence of match of up to 84.2%. But also other types of categorizations may be considered. Bourdarbat and Chernoff (2011), for instance, defined the 'rather match' category as mismatch instead of match. Evidently, this procedure delivers a much higher incidence of individuals that have a mismatch. In our case, we would note a mismatch incidence of 40.8% in the case of DWA and of 25.6% to 41.0% in the case of JA. 
Correspondence between the different measures
The fact that different measures deliver different outcomes is also illustrated in Table 4 , which reports the correlations between the eight mismatch indicators relying on the dichotomous operationalization (as reported in Table 3 ). Even among measures relying on a similar methodology but using a different level of aggregation, Overall, these correlations suggest that the correspondence across the different measures is relatively low. This is in line with what has been found in similar research on overeducation (see, e.g., Verhaest & Omey, 2006a) . This low correspondence is also illustrated in table 5, which reports the percentage of individuals in our sample that are classified identically on the basis of a minimum number of measures (relying on categorization B). While 61.1% of the graduates had a horizontal mismatch on the basis of at least one measure, only 5.6% had a mismatch on the basis of every measure. Overall, only 44.5% of the respondents are equally classified on the basis of the four measures (5.6% with a mismatch and 38.9% with a match). 
Field-of-study mismatch and overeducation
Our dataset also provides information about the overeducation status of the individuals. In Table 6 , we report the incidence of overeducation and horizontal mismatch, each time using a similar methodology for both types of mismatch 14 . As Støren and Arnesen (2011) and Verhaest et al. (2015) , we distinguish the following four categories 15 :
(1) Full Match, (2) Mere vertical mismatch, (3) Mere Horizontal Mismatch, and (4) Full Mismatch (i.e. when combining field-of-study mismatch with overeducation).
By far the largest incidence of full matches is observed based on DWA; almost 73% of our sample is considered to have no mismatch problems when relying on this method. The IWA and JA methods deliver lower but relatively similar incidences of full matches of about 42% to 48%. Also the RM methodology delivers lower incidences of full matches, but in this case the incidence is more dependent upon the level of aggregation and ranges from 34%
(categorization A) to 51% (categorization B). The high incidence of full matches when relying on DSA is mirrored in a relatively low incidence of full mismatch of about 11%. But also the JA (B) method delivers a relatively low percentage of full mismatches of about 10%. For most of the other indicators, this incidence is relatively similar and ranges from 18% when relying on RM (B) or JA (A) to 25% when relying on IWA (A). The RM (A) measure again seems to be an outlier with an incidence of full mismatches of about 33%. By far the strongest variation is noted with respect to the 'mere horizontal mismatch' and 'mere vertical mismatch'
categories. While the former ranges from 4.4% when relying on DWA to 31.1% when relying on ISA (A), the latter ranges from 2.6% only when relying on IWA (A) to 41.0% when relying on JA (B). While the DWA and JA methods seem to deliver relatively large incidences of mere vertical mismatch, the IWA and RM methods seem to attach relatively more weight to mere horizontal mismatch. But also the level of aggregation matters, with more detailed levels of aggregation regarding fields of study (A as opposed to B) evidently delivering relatively higher incidences of mere horizontal mismatch and relatively lower levels of mere vertical mismatch. Interestingly, among those measures that are most closely related to our concept of mismatch (DWA and JA), we do find more divergence with respect to vertical than with respect to horizontal mismatch. At least, this is consistent with the idea that social desirability and occupational upgrading bias are less of a problem for the latter than for the former.
The determinants of field-of-study mismatch: standard measures
Finally, we also look at whether the determinants of field-of-study mismatch in terms of personal and educational background characteristics differ if we use alternative measurement approaches and aggregation levels. As personal characteristics, we account for gender, ethnicity and the educational level of the father. Regarding the educational background, we investigate the role of the educational level (higher versus lower tertiary degree), the field of study and academic performance in terms of grades and repeated years. 16 These characteristics have regularly been investigated in the literature on educational mismatches (Robst, 2007a; Verhaest & Omey, 2010) . Regarding the outcome variable (i.e. field-of-study mismatch), we rely on the dichotomous categorization (cf. Table 3 ). The analysis is conducted by means of logistic regression. The estimation results are reported in Table 7 .
Regarding the personal characteristics, we do find some statistically significant evidence with respect to the educational level of the father, but only based on the JA and relying on the most detailed categorization A (Table   7 , JA column 1). On the basis of this measure, we note that those with a father with a lower secondary education degree are more likely to have a horizontal mismatch in comparison to those with a father without secondary education degree.
Educational characteristics seem more important in explaining horizontal mismatch. We find that individuals who have participated in higher tertiary education are more likely to have a horizontal mismatch. This aligns with the idea that programs in lower tertiary education (organized by colleges) are on average more labour market oriented than programs in higher tertiary education (mostly organized by universities). However, this effect is not statistically significant when relying on DWA or JA (A).
Regarding the fields of study, our conclusions are even more dependent on the used measurement approaches and aggregations levels. The most consistent outcome is found for graduates from Arts. Whatever the measurement approach and used level of aggregation, these graduates are found to have a statistically significantly higher probability of field-of-study mismatch than graduates from Economics, Business and Law (the reference category).
Also for graduates with a degree in Linguistics, History or Philosophy and those with a degree in Behavioral and Social Sciences, we find some evidence on a statistically significantly higher likelihood on mismatch in comparison to the reference category. These results are in line with findings in earlier studies (see, e.g., Wolbers, 2003; Robst, 2007a) . One explanation might be that less vacancies are available for these graduates, forcing them to accept jobs outside their field of study. However, this result was not statistically significant for all measures. In particular for graduates from Behavioral and Social sciences, this conclusion on a higher incidence of field-of-study mismatch can only be made on the basis of just a few mismatch indicators. For some of the other fields of study, we even find contrasting results. For instance, we note a lower incidence of field-of-study mismatch for graduates in Health and Medicine in comparison to those with an Economics, Business and Law degree on the basis of five out of seven measures. This low risk of mismatch among these graduates was also found in other studies (e.g. Verhaest et al., 2015) . However, this lower risk of mismatch is not found when relying on JA (B). Moreover, relying on RM (B), we even note a higher incidence of mismatch for those with a degree in Health and Medicine. The divergence in outcomes is even more pronounced with respect to the effect of graduating with a 'Natural Science and Engineering' or an 'Education' degree. While both fields seem to perform relatively well in avoiding mismatches in comparison to the field of 'Economics, Business and Law' when relying on the WA methods, the opposite is true when relying on the JA and the RM (B) measures.
The assessment of the relative effects of fields of study is complicated since the coefficients depend on the choice of the reference category. Therefore, we also look at the relative ranking of the different fields of study on the basis of the estimated coefficients. This ranking suggests that the divergence of results in largely driven by a divergence in ranking of the 'Economics, Business and Law' domain. While this domain is ranked fourth out of seven domains on the basis of the three WA measures, it ranks sixth on the basis of both JA measures. Programs in 'Economics, Business and Law' are usually relatively broad and provide skills which can be used in many types of jobs. For many of these jobs, in particular those with a broad range of tasks, this domain may thus provide the optimal preparation. It thus seems that our JA measures are, more than other measures, able to account for this.
Regarding the RM approach, results are not consistent for the two aggregation levels. While the domain 'Economics, Business and Law' ranks fourth on the basis of the most detailed clustering (A), it ranks seventh on the basis of a more broad clustering of fields of study (B) . A straightforward explanation concerns the relative distribution of the graduates across the different fields of study. With 'Economics, Business and Law' being by far the most popular cluster of fields of study, this cluster may also be the modal cluster within occupations where a less popular field is more appropriate. However, this dominance of an inappropriate cluster over the appropriate one evidently becomes less likely once more homogeneous clusters with fewer observations are used, as in done on the basis of categorization (A).
Finally, we also assess the role of academic performance as measured by the grade at graduation and the number of repeating years. Also with respect to these variables, we find some differences in conclusions. While individuals who graduated with a distinction grade are found to have a lower incidence of horizontal mismatch based on all but one measure, those who graduates with a high or highest distinction grade are found to have a lower probability of field-of-study mismatch only based on the WA measures. Similarly, we only find statistically significant evidence regarding the role of repeated years if mismatch is being measured relying on JA; individuals who repeated years are found to have a higher probability of horizontal mismatch if measured on the basis of these measures. Overall, 26 this is in line with similar studies focusing on overeducation, who also concluded that different measures of mismatch often have different predictors (Giret & Hatot, 2001; Verhaest & Omey, 2010; Ramos, 2014) .
The determinants of field-of-study mismatch: alternative measures
In the previous analysis, individuals who work in a job that is somewhat related with their field of education according to the DWA or JA measure were defined as having a match. This decision was based on the idea that, for many jobs, a more general program may be optimal. However, not all studies in the literature follow this approach. Further, regarding the IWA measure, those answering that 'no particular field was required' were considered to have a mismatch. As argued before, while this approach is defensible and aligns with most other studies, also arguments in favor of considering these individuals to have a match can be put forward. Therefore, we also report results on the determinants of field-of-study mismatch, if we define the middle category as mismatch (in the case of DWA and JA) and the 'no particular field required' category as match (in the case of IWA). These results are reported in Table 8 .
Also these alternative indicators do not deliver much evidence that personal and social background characteristics matter for field-of-study mismatch. However, a clear exception is the effect of gender, which is now strongly statistically significant when relying on the alternative definition for measure JA (B). Regarding the level of tertiary education, the results for most measures results align with those relying on their standard version. However, as opposed to when relying on the standard DWA measure, we now also do find a significantly positive effect when relying on the alternative DWA measure. The results regarding the role of academic performance are again a bit more mixed. For instance, relying on JA (A), we now find grades to matter more than repeating years when relying on our alternative definition; relying on the standard definition, we found the opposite, with grades being less important.
More pronounced differences with the analysis relying on the standard definitions are noted when focusing on the role of field of study. The most marked outcome concerns the domain of Arts. While this domain was consistently ranked first or second in terms of field-of-study mismatch when relying on the standard measures, Arts is now ranked fourth when relying on DWA and IWA (B) and even seventh when relying on IWA (A). An evident explanation is that graduates in Arts are either employed in jobs fitting perfectly with their education or in jobs without any relation with their education. Further, the jobs without any relation with their education may be jobs at low functional levels requiring rather general skills. If so, graduating in Arts is clearly not the economically optimal preparation for these jobs. Therefore, classifying those individuals that report 'no field was required' as having no field-of-study mismatch, can be considered to be invalid. A similar explanation, but in the opposite direction, may be provided regarding the domain of 'Education'. While this domain scores usually relatively low in terms of field-of-study mismatch, it is ranked third when relying on the alternative definition for IWA (B). Earlier research relying on the same data has shown that also overeducation is hardly a problem for this domain (Verhaest et al., 2011) , what may explain the relatively low number of individuals within this domain stating that no field of study was required for their job. Therefore, the incidence of field-of-study mismatch is less likely to be underestimated due to the misclassification of these individuals as having a match. One last remarkable finding regarding these alternative definitions concerns the domain of 'Economics, Business and Law', which is now ranked second on the basis of the DWA measure. This aligns with our earlier arguments that graduates within broad domains are relatively less likely to be classified as having a match when the middle category is defined as mismatch.
C O N C L U S I O N A N D R E S E A R C H I M P L I C A T I O N S
Our discussion on the basis of a review of the literature as well as our additional empirical analysis clearly demonstrates that the decisions made concerning the measurement of field-of-study mismatch matter for the outcomes of the analysis. Not only do these decisions affect which individuals are classified as having a field-of-study mismatch, they also affect the conclusions concerning the overall incidence of measured fieldof-study mismatch, the extent to which field-of-study mismatch is combined with overeducation, and the individual characteristics that predict field-of-study mismatch. Moreover, this does not only apply to choosing the overall approach to the measurement of field-of-study mismatch but also to choosing the specific variant of each approach. Hence the importance of knowing which approach and which variant of this approach is to be preferred in which context.
Concerning the overall approach to the measurement of field-of-study mismatch, it is advisable to adhere at least to those approaches that align as much as possible with the concept of field-of-study mismatch. As argued in this paper, this is clearly not the case for the RM method and WA methods that rely on information concerning the requirements to be hired. Apart from the theoretical arguments against the use of these methods, also some empirical findings suggest that these approaches measure concepts that are different from the one measured by JA or other WA approaches. First and foremost, both the literature review and our own empirical analysis indicated that these measures deliver substantially higher incidences of field-ofstudy mismatch compared to the other methods. Disregarding the results on these measures, we found this incidence in our own analysis to range only from 15% to 25%. Second, our analysis suggested that, when relying on RM, the conclusions with respect to the fields of study associated with field-of-study mismatch are partly driven by the relative popularity of these fields of study. Of course, due to data availability, researchers may have no other options than relying on RM methods. In this case, the use of the RM methods may be defensible when field-of-study mismatch is not the core variable in the analysis, for instance because field-of-study mismatch only serves as control variables or because researchers are rather interested in actual recruitment behavior and matching patterns.
This does not at all mean that every JA measure or WA measure is without further consideration appropriate for measuring field-of-study mismatch. As argued in the paper, it is advisable to rely for the JA method on an occupational classification that is detailed enough and is adapted from time to time to eventual technological changes, although the latter may be less of an issue for the analysis of field-of-study mismatch among young workers than for the analysis of overeducation or analyses focusing on older workers.
Regarding the WA approach, we argued that it is important to be as clear as possible in the survey question by referring explicitly to 'field of study' to avoid any confusion with vertical mismatch or skill mismatch and by providing additional instructions about how the question should be interpreted. Moreover, although social desirability bias may be less of a problem for field-of-study mismatch than for overeducation, it is advisable to pose the question in a neutral wording and context to minimize any other type of subjective bias.
Even in the case this advice is taken into account, it is unlikely that any of these approaches measures fieldof-study mismatch without error. At least, in our own empirical analysis, we found a relatively low correlation between our DWA and JA measure and also the results concerning the individual characteristics that predict field-of-study mismatch were not fully consistent. Therefore, as a robustness check, it is advisable to rely on both types of measures. But the choice for WA vis-à-vis JA may also be determined by the type of analysis that is conducted. In case the focus is on young graduates in a specific country, a carefully conducted JA that is based on a detailed and appropriate occupational classification system may be preferred since any type of subjective bias and inconsistency in coding is avoided. This may also be the case when focusing on year-toyear changes in field-of-study (mis)match at the micro level, since any change in mood, satisfaction or preferences may cause the individual to change her answer to survey questions concerning field-of-study mismatch. However, the longer the time span in longitudinal research, the more a lack of update of occupational classifications becomes a problem and, hence, the more often appropriate WA methods may be preferred. Moreover, also when focusing on international comparisons, WA methods may be preferred to JA methods given that classifications may insufficiently account for differences in the content of occupations and educational programs across countries. Nonetheless, given that answers to survey questions may be culturally biased, also WA methods may not be without problems in this case.
Apart from choosing the specific approach to the measurement of field-of-study mismatch, also several other decisions have to be made, such as the assignment of the middle category (both in the case of WA and JA) and the eventual assignment of a 'no field required' category (in the case of some WA measures).
Concerning the middle category, we argued that assignment to the match category is advisable, as is also done in most studies. But other decisions, such as leaving it as a separate category, may be made depending on the theoretical framework that is used to define educational mismatches. With respect to the 'no field required' category, we argued that assignment to the mismatch category seems most appropriate since this category may reflect individuals for which a general education without specific focus is more appropriate than a more specialized field of study. At least, our additional robustness analyses on the determinants of field-of-study mismatch seemed consistent with this interpretation. Nonetheless, it cannot be excluded that this category also includes some workers for which any field of study is appropriate. Therefore, it may be an option to replace the 'no field required' answer category in new surveys by two other categories, one indicating that 'a general education without specialization' is most appropriate and another one indicating that 'any or most fields of study' are appropriate.
In many cases, the choice of the approach to the measurement of field-of-study mismatch is not only based on substantive but also on practical considerations. From a cost perspective, WA methods are clearly preferable to JA methods. But despite the popularity of WA methods, there is little uniformity concerning the phrasing of the survey questions on which WA measures are based. We already referred to the difference between surveys asking whether the field of study is appropriate for the job and other studies asking whether the job aligns with their field of study. But also for each of these options, many variants circulate. Overall, the impact of the phrasing of survey question has attracted little attention in the literature on horizontal educational mismatch. While the data that were used in our own empirical analysis did not allow to test for the impact of these differences in phrasing, evidence from other subjects shows that even small differences in the phrasing of survey questions may have a substantial effect on the answers (e.g. Rasinski, 1989; Fowler, 1992) . Hence the importance of further research on the validity and reliability of different ways of phrasing questions concerning mismatch, for instance by evaluating the correlation of different WA variants with a carefully conducted JA and by conducting test-retest analyses. Such research may not only contribute to the development of a generally accepted and cost-effective instrument for the measurement of field-of-study mismatches, it may also further enhance the credibility of field-of-study mismatch as a research topic.
